Up to 85% of the variance in bone mineral density (BMD) is genetically determined. A putative candidate gene involved in the regulation of bone mass is the COLIA1 gene encoding type I collagen, which is the major protein of bone. We examined possible allelic in¯uences of a G to T COLIA1 gene polymorphism in a recognition site for the transcription factor Sp1 on: (i) gain of forearm BMD using single photon absorptiometry (SPA); and (ii), BMD of the forearm, spine, hip, and whole body with dual X-ray absorptiometry (DXA). At baseline, 269 healthy boys and girls aged 8.2±16.5 years were eligible for the study. Forearm BMD measurements obtained at baseline and after 3.8 6 0.1 years (6 S.D.) were used to calculate the annual percentage change in BMD. Calcium intake and physical activity were determined by a detailed questionnaire at baseline and after 1 year. Essentially no signi®cant differences in forearm BMD gain or in BMD assessed at the forearm, spine, and whole body were observed among the three COLIA1 genotypes.
Introduction
Bone growth and accretion of bone mass for a limited period of time during puberty are essential for the resulting peak bone mass and to reduce the subsequent risk of having osteoporotic fractures in later life. Based on family and twin studies, peak bone mass has been estimated to be up to 85% genetically determined (1±4). However, bone mineral density (BMD) is the result of a complex interaction between multiple genes and environmental factors. Several polymorphisms in candidate genes have been proposed as genetic factors that could in¯uence BMD (5).
Grant et al. (6) described a polymorphism (G to T base change) in a regulatory region that forms a recognition site for the transcription factor Sp1 in the gene COLIA1. The COLIA1 and COLIA2 genes encode type I collagen, which is the major protein in bone. The T allele (denoted`s') was associated with reduced hip and spine bone density in two British populations of mostly postmenopausal women. The allele was also over-represented in patients with osteoporotic vertebral fractures (6) . Several studies have supported these observations (7±13), whereas others have failed to show any association between the`s' allele and BMD or bone markers (14±16).
Between 11 and 16 years of age, 30±40% of peak bone mass is attained (17, 18) , but the in¯uence of the polymorphism in the COLIA1 gene on bone gain has not been studied. In this longitudinal population-based study, the increase in forearm BMD was determined over a 3.8 6 0.1 (6 S.D.)-year period and correlated to the COLIA1 genotypes in children, adolescents, and young adults aged 8.2±16.5 years at the start of the study. At the end of the study BMD was also assessed at the spine, hip, and whole body.
Subjects and methods
Data from this population-based study, initiated by Dr M Gunnes, Haugesund, Norway, have been previously presented as cross-sectional results, 1-year follow-up data, and results from vitamin D receptor genotyping (18±21). Brie¯y, 494 healthy boys and girls were enrolled in a prospective study of determinants of bone mass in 1992. In 1996, 3.8 6 0.1 (6 S.D.) years after the baseline examination, 273 subjects from the original cohort agreed to a second follow-up. This included assessment of forearm BMD gain with single photon absorptiometry (SPA), and measurement of BMD with dual x-ray absorptiometry (DXA) at the forearm, spine, hip, and whole body. Blood samples were taken from 269 of the subjects. The age range of the study population was 8.2±6.5 years at baseline and 12.2±20.3 years at the last follow-up examination.
The protocol was approved by the regional ethical committee, and written informed parental consent was obtained.
Analysis of BMD
BMD was measured as previously described (21) at baseline in 1992, in 1993, and in 1996 at the nondominant distal and ultradistal forearm by SPA using an Osteometer DT 100. In 1996, at the second follow-up, BMD was additionally measured at the anterioposterior spine (L1±L4), proximal femur, radius, and whole body by DXA with a QDR 4500 device (Hologic QDR 4500 A, Waltham, MA, USA), which was also used to analyse body composition. Details on short-term precision and correlation between SPA and DXA measurements have been presented previously (21) .
COLIA1 genotyping
The G to T polymorphism in the Sp1 binding site in the COLIA1 gene was detected by a polymerase chain reaction-based method with primers and reaction conditions as described by Grant et al. (6) using DNA extracted from whole blood. The reaction products were digested with the restriction enzyme Bal1 (Promega, Madison, WI, USA) and analysed by agarose gel electrophoresis. The absence or presence of the restriction site represents a G or T nucleotide and is indicated by`S' or`s' respectively.
Statistics
SPA data from baseline and after 3.8 6 0.1 years (6 S.D.) were used to calculate BMD accretion rates assessed as the annual percentage change from the baseline BMD. Comparison of variables between genotypes was assessed by ANOVA, and all statistical analyses were performed using Systat program version 5 (Systat, Evanston, IL, USA). Data are presented as the means 6 S.E.M.
Results
Genotyping of the Sp1 polymorphism in the COLIA1 gene of the 269 persons eligible for the study showed that the distribution between`SS' (n 197),`Ss' (n 61), and`ss' (n 11) genotypes was in Hardy±Weinberg equilibrium. Age, height, weight, mean calcium intake, and weight-bearing physical activity were similar among the three genotypes at baseline as shown in Table 1 . Weight gain from baseline to 3.8 6 0.1 years (6 S.D.) follow-up, and body fat mass and lean mass after follow-up were also similar. Height gain during the study period was signi®cantly higher among the small group of boys with the`ss' genotype (n 6) when compared with boys with the`Ss' and`SS' genotypes. Table 2 shows that the calculated gain of BMD per year was similar among the COLIA1 genotypes. DXA measurements of BMD at various sites showed essentially no differences in BMD among the COLIA1 genotypes, although the small group of boys with thè ss' genotype had signi®cantly higher total hip BMD. When the mean BMD values were adjusted for age, height, weight, and BMD at baseline, weight gain, height gain, body fat, lean mass, dietary calcium intake, and physical activity, the P value for femoral neck comparisons in boys changed from 0.033 to 0.007 (data not shown).
Discussion
In this study, no association was found between forearm BMD gain in puberty and genotypes based on the polymorphism in the Sp1 binding site in the COLIA1 gene. In the small group of boys with the`ss' genotype (n 6), total hip BMD was signi®cantly higher than in boys with`Ss' and`SS' genotypes. This difference was not observed in girls, and BMD in both boys and girls measured at the forearm, spine, and whole body was not associated with the polymorphism. Adjusting the mean BMD values for relevant anthropometric variables, weight-bearing physical activity, and calcium intake essentially did not change the results, but the association between the`ss' genotype and increased total hip BMD in boys was strengthened. This apparent association should be interpreted cautiously because the group of boys with the`ss' genotype is small, it appeared only in boys, and there was no association between this genotype and BMD measured at other sites.
A power calculation indicated that true BMD differences of about 0.7 S.D., when comparing the larger groups, and 1.5 to 1.7 S.D. where the smaller groups are involved, would lead to results classi®ed as statistically signi®cant (assuming two-sided Student's t-test with a 0.05 and power 0.9). The S.D. values of the BMD measurements ranged typically from 0.05 to 0.08 g/cm 2 ; hence`true' differences lower than 0.08± 0.13 g/cm 2 may have escaped the present investigation. Bone measurements in this study were performed with SPA and DXA, which are based on absorptiometry. These projection techniques have limitations for the assessment of bone mass. BMD values reported in this study re¯ect bone mass as area density and do not allow direct comparisons with three-dimensional measurements of bone mass.
Type I collagen is the major protein of bone, and mutations in the coding regions of the COLIA1 and COLIA2 genes are found in osteogenesis imperfecta, which is associated with severe osteoporosis (22) Table 2 Forearm BMD gain measured by single photon absorptiometry and BMD of the forearm, spine, hip, and whole body measured by dual x-ray absorptiometry in relation to COLIA1 gene alleles. synthesis, but COLIA1 gene expression is regulated by several transcription factors (23) . Studies of adults have shown that the COLIA1`s' allele may have a negative effect on BMD in hip and spine (6) . In a study of 1778 postmenopausal women, this allele was associated with a modest, but signi®cant reduction of BMD in the femoral neck and lumbar spine and was over-represented among women who had incident nonvertebral fractures (10) . The small reduction in BMD associated with the`s' allele among French premenopausal women was not signi®cant after adjustment for height (7) . Hampson et al. (9) demonstrated an association between this allele and reduced BMD at the femoral neck only, whereas Keen et al. (12) found a reduction in lumbar spine BMD, increased fracture risk and elevated urinary pyridinoline levels in women with the allele. The`s' allele was also associated with more severe osteoporosis of the spine and hip in men with thalassaemia major when compared with women with the disease (11) .
Boys
Ethnic differences in the frequency of the COLIA1`s' allele have been correlated to the incidence of hip fracture (24) . In a low incidence area, such as Korea, the Sp1 polymorphism was not detected among 200 postmenopausal women (25) . In Scandinavia both the incidence of hip fracture and the frequency of the`s' allele are high. Langdahl et al. (8) showed that in Denmark 31% of subjects with osteoporosis had the`s' allele compared with 18% of the controls. The allele was also associated with an increased fracture risk. In Sweden Lide Ân et al. (14) did not observe any difference in genotype frequency between patients with primary osteoporosis and healthy controls. In this Norwegian study the`s' allele frequency was similar to the levels in Denmark and Sweden, but there was no association to BMD or increase in BMD levels. In a review (5), Ralston indicated that the COLIA1 polymorphism may be a marker for increased bone loss rather than peak bone mass.
During a few years of rapid bone growth a large proportion of the resulting peak bone mass is attained, but few studies of potential genetic markers of bone mass have been performed in children during puberty. Reports of vitamin D receptor genotypes and bone gain in this age group have been contradictory (21, 26) . Prepubertal Mexican-American girls with the COLIA1`SS' genotype were recently shown to have 0.5 S.D. higher cancellous vertebral bone density assessed with computed tomography compared with individuals with thè Ss' genotype (13). Our study had a power of 0.65 to detect a 0.5 S.D. difference in BMD levels between these two groups; i.e. the chance of detecting a real difference at this level was approximately twice as high as to reject it. Differences in ethnic background, age of the children participating in the studies, and methods used for the measurement of bone mass or BMD may explain some of the discrepancies between the two studies.
In conclusion, the polymorphism in the Sp1 binding site in the COLIA1 gene cannot be used to identify young individuals with a low BMD or reduced increase in BMD during puberty.
